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EXPERIMENT STATION WORK-VIH/ 



00H8ESVIHO AMD EOOHOXIZIHO THE HOISTUBE 07 THE BOIL 

TSext to temperatTire, Tnoisture is probably the controlling factor in 
tlio growth of plants. The iiiiportiuico of an a(l(M]Uiito supply of mois- 
ture is most strikingly demonstrated iu regions of deficient raiui'all 
whore irrigation ia necessary for the growth of crops (arid regions), 
but it is no less iniportant in regions wliere tlio rainfall ia usually con- 
sidered sufficient ibr tlie needs of crops (humid regions). Kot only 
mnst there be a sufBcient supply of moisture, bat it mnst be prop^y 
distributed throngliont the growiiig season. It is well known that 
crops may be injured by drought in a season which shows a high total 
rainfall, because there ia a deficiency of rain jast at the stage when 
the plant needs it most. 

Under all circumstances, therefore, it should be the farmer's aim to 
conserve the moisture in thesoil — in the arid regions to reduce as much 
as possible the labor and expense of irrigation, and in humid regioiM 
to protect crops against droughts. Yarioas means may be employed 
for the purpose of conserving and economizing the moisture supply of 
soils. 

Snbsoiling is one of the most important of these means. Several of 
the stations have made ( arefu! stiulies of the influence of subsoilingon 
soil moisture.^ The Wisconsin Station describes this intiueuce substan- 
tially as follows: Snbsoiling (1) increases the storage capacity of the 
soil for moisture, and (2) increases the rate at which water will sink 
into the soil, but (3) decreases the rate at wliicii it jnay be brought 

' This is tlio oin'litli nmnhi'r of a Hulinerit!8 iil' l)rior i>i)piilar biilk'tiiiH from 
the published rcpcirts iif ii<4riciiltiiriil cipei'iment stiitioiis and kimliod iiistitii- 
tloiiB in tliis ;ui<l (itlii'r i imutricH. The chief object of these juiblicntioiis is to ilis- 
Heniiiiate thidiinhoiit i\\>' couiiti-.v information regarding experinionts at the diU'oroMt 
experiment stations, and thus to acquaint our farmers iu a general way with the 
progress of 'agricultural investigation on its practical side. The results herein 
reported should for the moat part be regarded as tentative and suggestive rather 
than conclasiTe. Farther experiments may modify them, and experience alone can 
show how &r they will he nsefnl in actual practice. The work of the statlopa mast 
not he depended npon to produce " rules for farming." How to apply the resnlts of 
Mcperiments to his own conditions will ever remain the problem of tb» isdividaal 
ftmer.— A. C. Trub, Director, Office of Experiment Stations. 

'See also U. S. Dept. Agr., Farmers' Bnl. 5G (Expt Sta. Work— I, p. 20). 
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back to tho surface. iSubHuiliug also increases the amoant of moisture 
avaiJable to oroxm, since plants are capable of utilizing a larger pro- 
portion of tlio inoistnrc jirescnt in loose aud coarse-grained soils than 
of that iu Hue-grained and compact soils. 

As regards the best method of sabsoiling, a report of the Wisconsin 
Station states: 

Sabsuiliug to lie most clVectivo should bo tlone in bucU a way us tn leave tlio soil 
I00B6, macb as tbo stubble plow leiives it. To accomplish this iiiiich will ili'i>uii(l 
upon the character of the tool and more upon the condition of the boiI when the 
work Is done. If the soil is so yret as to b« plastic -when the plowing is done, (hen 
the effect of the subsoil plow will be to wedge the portions of the soil, which are 
heavily pressed into an even more compact and close texture than before, and thus 
develop a condition the oppoNito of that soaght. To simply form a long groove or 
channel in the subsoil by wi'il},'inf,' the dirt aside gives little aid in the direction 
smight. 

Such work, tlioii, if doue ;it all, sIkimIiI l)iMl(iiin wiinu I lie 8nl)H()il itwelfisdry (mi(iii;jIi, 
and this is most likidy to occur in tlio I'nll ii ft n- I Im ( rii|i nl' llic si'usoii has witlidrawu 
the moisture from it. Subuuiliug lute, too, leuves uo timoi'or the soil to lose its open 
texture before the rains to be stored reach It. 

In homid regions, as a recent bolletin of the California Station ])oint8 

out, tlie soil as a rale 
is underlaid at a com- 
paratively short dis- 
tance below the sur- 
face by a subsoil which 
the roots of plants pen- 
etrate with difficulty 
and &om which they 

Boot sjitem of » tree Browing on a «oU with liardaobwrfi C*" draw little nOOT- 

ishment. The roots, 

therefore, sprtnul out near tlio suifacc, and the plants ie(iuire fieijuent 
rains or irrigatiou to sustain life. A suspensiou of either rain or irri- 
gation for ten days or two weeks nnder t&ese conditions usually resnlts 
in injury to tlio phint. ( 'ndcr siu li cii'cuinstancos sulisoilins;' oncouriij^es 
deep rooting, and thus enlarges the stock of water as well as plant 
food at the command of the plant. In many parts of the region of 
deflcnent rainfall, as in sou'hcrn (^iililorniM, phiiits (especially fruit 
trees) are capablcof withstanding;- niondis of droiifjlit. This is claimed 
to be due to the fact that " in the arid region, as a rule, subsoils in the 
e<isterti sense do not exist; the soil is readily penetrable to great 
depths." This ditference in the root systems of plants in humid and 
arid regions is illastrated in the accompanying figures. 

A ;;lauco at tho li^jun's sulliccs to show that while a root System like Ii;;. 1 will 
slaiid in alisoliitii need of lVc(iu('nt rains or irrigation to sustain its vitality, such 
a 0110 as lii;. 2 may bravo ]>rolou};cd drouglit with im]>unily, boUif^ iiiilopeiiilcnt of 
surface conditions, aud able to peri'oriii all its ianctious out of reach of stress from 
lack of niiiisture. It is ('(|iiaUy clear that It is to the farmer's interest to favor to 
the utmost this deep penetration of the roots. 
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This can be done in hnmid regions, to some extent at least, by thor- 
oagb preparation and tillage of the soil and (in case of fruit trees) by 
guarding against excessive sorfaoe fertilization. In arid regions fre- 
qnent irrigation, it is claimed, enconrages shalloTV rooting. 

To prevent loss of water from the soil by evajjoriitioii it is iieisessary 
to check thfc rise of water by capillarity to the surface of the soil. As 
already noted, this is accomplished to some extent by subsoiling, bat 
in order tlmt tlu^ woric ])iirtly accoiiiplishcd by the subsoiliii}"' may be 
completed and coutiuued, the surface of the soil must be kept covered 
vith a molch of loose, well-tiUed soil by means of fireqneut tillage. 
Some experiments of tlie Kansas' Station afford an illastration of the 
etl'bctiveuess of this meaus 
of conserving soil moisture. 

Olio of tlLi' staticm lirlds which 
coiitaiiii'd in rimiul iiumlmrs 26 
per Clint, nl" water in th(i first foot 
of soil, ou July 7, 1898, had oue 
portion plowed, another disk 
harrowed and a portion left un- 
treated. The onsalng dry veath- 
vr in the eoarae of fonr weeks, 
BOtwithstanding several light 
lains, rednocil the miiisturo of 
the nntreated i>art ti> 15 jx.t cent 
and that of the diskeil land to 18 
per cent, the plowid ground re- 
taining 21 ])iT vA'nt. 'I'lie last 
two were in rxcellcnt condition 
for seeding, wiiili' thu lirst would 
plow up lumpy aiid uusatisfac- 
tory. 

Ill the oxpcriinents at the 
Kansas Station plowing 
proved as effective as any form of tillage tested. "If time does not 
permit iilnwing, the sjteedy work of the disk liairow compares favor- 
ably in etliciency. In either case, if rain sufficient to start the weeds 
follows, kill them with a harrow. This will at the same time break 
op any crust aii<l jiiescrve the soil mulch." 

Whether the best results in in eveiit ing loss ol' moistiiie I'roiii the soil 
inhamid regions will be obtained by subsoiling, shallow (sultivation, or 
deep cultivation will depend ver^^ largely upon the character of the 
soil and snbsoil. The Kansas Station found no essential difference in 
the moisture content at the different depths of soil that had been pre- 
pared in the spring by shallow plowing, by deep plowing, and by sub- 
soiling. In experiments at the Uortb Dakota Station on different 
methods of preparing soil and tillage for wheat the largest yield was 
obtained from land subsoiled !S inches below a 6-inch furrow. A sur- 
face mulch of well- tilled soil 3 or 4 inches thick is usually considered 




Pio, 2,>— Boot nyatem of a tree growlas on a aoU with 
open anbsoil. 
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■ safBcient to afford effective protectiou agaiust eva])oratiou io humid 
regions. In regions of defleioit rain&Il, however, twice this depth is 

coiiHidcred necessary. 

lu biunid regions there is danger of serious loss of nitrates iu sab- 
jeoiing bare plowed land to the long-continned leaching action of abun- 
dant rains, iis is done in snmmer fallowing and fall plowiiifj; novorthe- 
less, tlie Kansas iStation has found that tlie pluwiug of stubble as soon 
M possible after the removal of the previous crop, with fi«qnent stir- 
rini;- of tlic soil, as described above, not only insnros a perfect seed 
bed fur wheat in resx^ect to moisture, but tlie soil bas time to settle to 
the firm condition so advantageous to wheat, and the barraiess, warmth, 
and Mioistnre are most favorable to tlie formation of m'trates from 
organic matter." lu regions of dclieient rainlall loss by leacLing need 
not be feared. Under such conditions botb summer fallowing and fall 
plowing may imive of great value in conserving inoisture. 

Full plowing wliiTiivev llm l;iiul i« not uatiinilly iiil<ii|Uiitiily iil)»oil)iMit, and is not 
thereby rendered liable to \v:isliin){ away, in a vrry ctrectual mode of ntilizing the 
' winter's moiature to the ntmoBt, ho as to briuK about the jnnotion of the season's 
Bw totw wttii that of the pxeTtons season, which is generally considered as being 
a eondittm pnoedent for orop prodnotion in dry yaam. The same of oonrse holds 
trae of wintw isrigntion, the fteqnent omiMlon of which in piesenee of n plenttftil 
wkter supply at that seaeoa li a prolific caaae of avoidaUe orop fiiilate*. Holiten- 
ing the ground to a oonsiderahle depth by winter irrigation is a very effeottve mode 
of promoting deep rooting, and will tbns stand in lieu of later irrtgations, which, 
being more scant, tend to keep the roots near the snrfaoe. 

Moisture escapes from soils bearing crops much more rapidly than 
from bare soils. This fact lias been very clearly demonstrated by inves- 
- tigations by the Iowa, Kansas, Wisconsin, and other stations. These 
investigations show that sod land and soil bearing different crops always 
maintain less moisture than uncultivated soil of the same character. 
It is undoubtedly true that the injurious effect of weeds is due fully as 
much to tlic moisture which tlit^y withdraw from the soil as to the plant 
food which they consume. The poor growth of crops near hedgerows 
and woods is due largely to withdrawal fbom the soil of moisture 
retjiiirt^d for the proper growth of the crops. It is a weli-liiiowu fact 
that the culture of crops iu orchards may prove ii^jurious to iruit trees, 
especially in dry seasons. (See p. 18.) This is due mainly to the with- 
drawal by the crops of moisture needed by the trees. The danger from 
this source is espedally great if the truit trees are very shallow rooted. 
Jftona the standpoint dmpiy of eonser^tion of moisture, therefore, the 

ftirmer should becareftll to keei) his land free from unnecessary vege- 
tation during the summer, ''but it must not be forgotten that by doing 
so he quickly depletes his land of vegetable matter, which requires sys- 
tematic replacement if ])i()duction is to continue normally," and, as 
explained above, he incurs danger of serious loss of nitrates l)y leaching 
and washing, especially in season of heavy rainfall. 
It is thus seen that while there are many ways in which the moisture 
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of tbe soil may be wasted or reudered useless to the plant, there are 
altso many effective means of conserving and economizing this watw 

wliicli may 1k> imifitably oin])loye(l. Tt only remains for tbe individual 
liwnicr t(t (Ictcrinine t lie nietlioil best suited to bis needs and conditions. 

INf LUEirCE OP DIFEEEENT SYSTEMS OE EASMIITO ON THE 
FEBTHITT 07 TEE SOIL. 

Th6 amount of principal elements of fertility removed from the sofl' 

in ])i'oduet8 sold tVom tbe faim and tbe amount returned to it in tbe 
form of manure depend largely upou tbe system of farming practiced. 
It is well known that soils under continuous cultivation decline in fer- 
tility much more rapidly than those kept in prass. This is due not 
only to the constant removal of fertility in the crops harvested and 
sold from the farm^ but also to the fact that under most ^tems <tf 
continuous culture the soil is left bare a large part of the time, and 
til lis subjected to loss from leaching, washing, and oxidation. On the 
other hand, soils in grass are protected almost entirely from the latter 
Idsscs. The roots of tiie plants bring up the fertilizing constituents 
Iruin tbe lower layers of tbe soil and they accumulate at the surface of 
the soil in the decaying remains of the vegetation. Thus in case of 
grass lands, while there is no actual gain in total amount of fertilizing 
constituents in the soil, tbe plant food is made more available and acces- 
sil)]e. These facts explain tbe apparent recuperation of soils which 
have been exhausted by continuous culture when kept under grass for 
a number of years. If leguminous plants are substituted for grasses, 
there may be an actual gain in ferlility due to the nitrogen which these 
plants are capable of collecting from the air. 

When the lands are grazed by sheep and cattle the soil fertility is 
drawn ui)oii to the extent of tbe nitrogen, phosphoric acid, and potash 
required to build the blood, bone, and tissue of the animal body. This 
is considerable in the case of growing animals, but insignificant in case 
of animals wbieb have made their giowtb (esjiecially of bone) and are 
simply nuiintained or fattened on tlio pasture. 11', liowever, concen- 
trated feeds are used in addition to pasture, and the manure produced 
returned to the land, there is an actual gain in fertility of the land, It 
will thu8~be seen that exclusive grain farming or continnons cnltnre of 
a single crop has a much f^reater tendency to impoverish the soil than 
stock raising or combined graiu aud stock raising. A comparison of 
the amouiit of plant food removed ii"om the soil and the amount capable 
of being returned to it under diflerent systems of husbandry has been 
made by the Minnesota Experiment Station. The systems taken into 
consideration were all-grain farming, mixed grain and general forming, 
mixed jiotato and general farming, stock farming, and dairy farming, 
examples being selected which represented the different systems. In 
each case the farm is considered to contain ICO acres. 

In tbe example of all-grain farming selected no stock was kept and 
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no fertilizers of any kind applied to Uio land, tbe small amount offer- 
tflUing material which necessarily accumulated was disregarded, and 
tlie grain wan all sold from the farn\. The entire farm of IfiO acres 
was under cultivation. Tlie cro|)s raised were 100 acres of wheat, 
40 acres of barley, and 20 acres of oats, yielding 15, 40, and BO bnshds 
per acre, respectively. It is calculated that the fertility removed from 
such a farm in the grain and straw of one year's crops amounted to 2,460 
pouiuls ])hosphoric acid, 4,0l,*0 pounds potash, and "),()()() jiounds nitrofjen. 
This does not include the fertility removed by tbe weeds, which often 
is very large, and the amount of nitrogen lost from the soil through 
leaching and the decomposition ol' hnnms. 

The amount of nitrogen thus lost from a rich prairie soil recently 
brought under this system of farming is three or four times that 
r('niov(>d in the crop. It was found from exjierimcnts (lonductcd at 
this station that when a prairie soil is tirst brought under cultivation 
tbe humus oxidizes rapidly, but as the soil grows older the humus con- 
tent diniinislu's and tho. oxidation of the linnins {joes on mor<^ slowly. 

The system of mixed grain and general farming studied consisted of 
gtowing 40 aeres of wheat, 20 of oats, 10 of barley, 7 of rye, 6 of com, 
3 of fl:ix, and 1 eacli of peas, millet, and potatoes. The rest of the land 
was in meadow and pasture, and 10 cows, 4 head of youiifj stock, 15 
sheep, 8 hogs, 4 work horses, and 2 steers were kept. All the straw 
produced was used as feed and bedding for tbe stock. Tbe yields in 
this case were higher than under all grain farming, because the land was 
kept in better condition. All the wheat, rye, and tlax, and one half of 
the oats and barley, and 50 bushels of potatoes were sold from the 
turn, Tbe animal products sold were 2 steers, 10 sheep, H hogs, and 
1,500 jraunds of butter, 'fhe rcinaiiiinK' oiits, barley, and i)otatoes, and 
tiie oorn, i)eas, and millet, besides 20 tons each of timothy and clover, 
wereooosnmed on the farm, and 80 per cent of these food materials 
were returned to the soil in the form of manure. The fertility returned 
to the farm in manure from the food ])urchased, such as bran, screen- 
logs, and meal of various kinds, was taken into consideration in every 
case. A coni|iarison of the total amount of fertility removed from the 
&rni and the amount returned to it shows an approximate loss from 
liie soil of 1,003 pounds phosphoric acid, 1,047 pounds potash, and 
2,.'>0t |)onnds nitrogen. The (ixation of the tree iiitrof^en of the air by 
clover and peas was not taken into account in these ti{;ures, but " it is 
safe to calculate that there has been a fpAn of 1,500 pounds of nitrogen 
from this source." When allowance was made for the nitrogen thus 
obtained there was »n annual loss from this farm of about l,ouo pounds 
each of phosphoric acid, potash, and nitrogen. There was therefore a 
loss ot about two-hfths as much phosphoric acid, one-fourth as much 
potash, and one-sixth as much nitrogen as in all-grain farming. With 
good ( Ultiviitioii and nian:i^'iMnent it is believed that the reserve fer- 
tility of a good soil will withstand the above losses for a number of 
years. 
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The system of mixed potato and general farming studied difi'ered 
from the foregoing system in that about 40 acres of grain were repiaoBcL 
by potatoes and that less grain was sold and less mill ])ro(lncta pur- 
chased. The stock kept consisted of 7 cows, 4 head of youug stock, 4 
ItCMeaea, 2 steers, 12 sheep, and !) hogs. Besides, 40 acresof grain were 
$towa, of which 15 were sold. The rest of the farm wm maioly in 
meadow and pastore. The prodncts sold from the farm were 6,000 
bushels of potatoes, 1,000 pounds of butter, 8 hogs, 2 steers and young 
stock, 10 sheep, and the yields of 10 acres of oats and 5 of barley. 
Fifteen tons each of clover and timothy, 40 tons of straw, 160 bnsfaels 
of potatoes, and the yields of 10 ncres each of oats and barley, 5 acres 
of corn, and 1 acre each of millet and peas grown on the soil were con- 
sumed on the farm. Here, as in the previous example, 80 per cent of 
the food consumed was returned to the soil. The approximate loss 
from the soil under the system amounted to 991 pounds of phosphoric 
aeid, 2,435 x)oand6 of potash, and 2,463 pounds of nitrogen. Dednot^ 
ing the nitrogen accumulated in the soil through the agency of the 
clover cro]>, the net loss of nitrogen is less than 1,000 pounds. Another 
advantage of growing clover, as pointed out, is that a deep-feeding 
crop, like clover, will bring up the fertility from the lower layers of the 
soil and concentrate it in the surface soil. This is especially desirable 
ia potato farming which makes a heavy draft on the fertility of the 
soil, especially the potash. 

In the example of stock fkrming selected for study, 25 acres were sown 
to oats, 20 to bai ley, 10 to corn, o to jteas, and 1 acre each to potatoes 
and millet. The remainder of the farm was in meadow and pasture. 
The stock kept in this case comprised 10 beef cattle, and 10 dairy cows, 
10 horses, 5 stecM s, I (I head of yoiiiif;- stock, .30 slieej), and 20 hogs. Five 
steers of 1,000 pounds each, 5 head of young stock, 5 horses, 10 hogs 
of 260 pounds each, and 1,600 pounds of batter were sold from the 
farm. All the crops grown, including 40 tons of timothy and 30 tons 
of clover, were consumed on the farm. , Eighteen tons of food material 
and 5 cords of wood were parcbased and consnmed, besides the crops 
produced. Under these conditions there was api)roximately a gain of 
35 pounds of phosphoric acid, and a loss of r)0 ])Oiinds of ])otasli, and 
808 pounds of nitrogen. Tiie loss of nitrogen was more than balanced 
by the gain due to the clovef crop, so that on the whole there was 
practically no loss of fertility from the farm. 

In the example given of a dairy farm, 30 cows, 5 head of young stock, 
4 horses, and 20 pigs constituted the stock kept on the farm. The 
crops raised ^ere 10 acres of wheat, 20 of oats, 10 of corn, 7 of rye, B 
of oats for hay, 2 acres each of roots and jieas, I each of millet and 
potatoes; 25 tons of both clover and timothy were produced, and the 
remainder of the farm was mainly in pasture. Sixteen pigs of 250 
poumls each and 1 head of young stock, .'ijOOO i)ounds of bntter, and all 
the wheat aud rye i)roduced were sold from the farm, while the rest of 
the products were consumed as feed and 80 per cent retnxned to the 



12 



mil as fertilizer. Ten tons of feed and 5 cords of wood were purchased 
and consumed in addition to what was produced on the farm. The 
figures nivrn for dairy fariniufj show n fjain of 7*1 i>nunds of plios]>hori(! 
acid and a loss of 8") pounds i)()tasli, and S(il» ])ound.s nitrojicn. 'i'lie 
losaof nitrogen, however, is again more tlian offset by tlie gain througli 
tbe clover crop, so that there is practically no loss of fertility in daily 
farming under proi)er management, but rather a constant gain. 

The loss of fertility under the different systems of fai ming is given 
in tbe following table. The gain of nitrogen through clover culture is 
disregarded in these figures : 

Apj)roximate logi of fertility from 160 aores of land under different lystems of farming. 



Syatein uf fanning. 



JUl grain 

MlltHl ^ruiit ai;<l ui'ntM-a]. . 
lliXMl potato aou general. 
StoclK ••■•.•...■■■••*■<••>> 

noijr 



PhoBpliorlc 

lu'id. 


PotjiBh. 


Nitro- 


Mineral 

matter. 


I'ouiuU. 


1*1111 II ll.H. 


rouiidu. 


I'dunds. 


3, 4ti(l 


■t,02n 


^. am 


18, 42(1 


i,oua 


1, W7 


2, 594 


5.419 


981 


2, 485 


2,m 


0,070 


aSfi 


w 


sae 


S,3U 


an 


86 


80B 


1,8U 



aOahi. 

TlicMr li^^iin H j^ivon • » • iirn imt iutended to convey tlio idoa tliat iiii I'ljuiv- 
alent amount of uaoh element mimt always be retarned to tbe Hoil, bat they are 
intended to show where the heaviest drafts fall on the soil with each system of 
fanning. 

' Ib making compariBons, tbe variations which ate liable to occnr shonld be icept 
in mind. In exclnsive grain farming the loss of the nitrogen is greater than given 
heoanae when the soil is continually nncovered by the oaltivation of plowed crops 
■ome of the nitrogen is lost by drainage and by tiie decomposition uf the Immiis. 
When plover is grown in the other systems of farminip;, the loss of the nitrogen i« less 
thiin hliilt'd. 

I Im Mi]Mii:il liiHs i>t' iihoHpliuric ai'iU with excliiHivi' gruiii I'urmiug in nearly 2,500 
jiuunils jii r ICil acres. With mixed grain or jiotato farming this loss is reduced to 

nbiiiit 1,000 ])(iun<lN. 

With Htock I'iirniing, wlii'u all ol' the crops are fed to the stock on the farm and a 
small amonnt of milled proiliit^tH in purchased, there ih practically no loss of phos- 
phorio aoid and potauli, (except iu tbo handling of tho inauure. When the manure is 
wall oared for, the losses of these elements are both less than stated. 

la the case of dairy fanning or stoek faming, when all of the skim milk is fed on 
the fKtm and a part of the grain is exchanged for more concentrated milled prodnots, 
there is no loss, but on the other hand a constant gain of fertility to the soil. 



COVEB CEOFS FOR ORCHARDS 

An orchard cover crop is a crop grown in the fall and winter to pro- 
tect the soil and trees of orchards, and at the same time tp improve the 
soil. Unlike crops grown throughout the season, cover crops, as a rule, 
do not injure the trees by drying out the soil, for in manyplaces heavy 
fall l ains are rli(^ i iile, and even where the weathtu' during the fall is 
normally dry the iujury is less than in summer, since plants evaporate 
lesH water from thuir leaves in tbe cooler weather and shorter days of 
fall than in the longer and hotter days of summer. Cover crops not only 
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do not, as a rule, dry out the soil injuriously, but they also add directly 
to the moisture- holding capacity of the soil by the humus formed in 
their decay, <and they hold much of the snow until it melts and is 
absorbed by the soil. 

Another reason why cover crops are rarely as injurious as crops groirn 
throughout the entire season iinci are often beneficial is that their growth 
is made after the trees have stopped growing and are maturing their 
wood for winter. The Michigan Station has shown that the minority of 
trees in that locality complete their <;rowth by July. Of course, the 
conditions observed in Michigan do not occur in all climates or seasons, 
but they show unmistakably the tendency of trees to make their great- 
est growth early in the season. Trees therefore require much less 
moisture in the latter part of the season than they do in the early part. 
Indeed, in moist localities it is often thought to be a distinct advantage 
to stop cultivation by midsummer and growsome secondary ci»p which 
wiH check the growth of the trees and cause them to mature before 
winter. The Washington Station, in studying the unusually severe 
fireeze occurring in the fall of 1896, found that iu most instances late 
summer cultivation had an injurious eff'ect similar to late irrigation. 
"Wherever cultivation or irrigation had Ixicn kepi, np late in the season 
and the ground was moist and the trees iu an active growing condition, 
there the fh>8t did most damage." 

Amon^ other benefits to be derived from cover croi)s is the checking 
of washing and leaching of the soil. Light soils are often gullied by 
heavy rains in the fall just as in summer, and some crop to bind saoh 
soils is beneficial. In th(^ case of soil leaching and the conse(|uentloss 
of plant food, csi)ccially nitrates, a crop is more valuable in the fall 
and early winter than earlier in the season, for in spring and summer 
the tree roots are iu condition to take up much of the plant food as it 
becomes available; bat ft-om the time their leaves fall until the soil is 
frozen the plant food which would otherwise escape in the draini^e 
water or be washed down beyond the reach of plants can be saved only 
by secondary crops, which grow until stopped by the severe weather of 
winter. I^vcii in cases where the leacliing of soils is not excessive a 
deep-rooting cover crop brings up plant food from the subsoil and leaves 
it near the surface to be used later by the trees. 

Besides preventing in part the loss of fertilizing elements from the 
soil, cover crops may serve as a direct fertilizer. For this purpose the 
well-known ability of leguminous plants to take nitrogen from the air 
and store it, so that it can bo used later by other plants, is made nse 
of. The use of such crops in ordinaiy larui rotations is well known. 
That they may be ecj^ually useful in case of orchard fruits is shown by 
tests at the ^ew Jersey Station. Grimsou clover was sown iu the 
peach orchard on sandy soil iu the latter part of July and the crop was 
plowed under iu the latter part of the following May. The cover crop 
retarded the growth of the trees somewhat in the spring, but after it 
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was i»U)wed under they gaiued rapidly, aud both wood growth and 
fruitage were more satisfaotory than ia the remainder of the orchard, 
which was fertilized with iiitrato of soda. Tlu^ use of lef^umiixms 
crops, however, is not to l)o reeoininciidf.d in nil cases. It olten liap- 
pens that soils become too rich iu nitrogenous fertilizers, and the trees, 
therefore, grow too Tigoroosly, do not mature their wood well, and are 
tmfrnitfiil. In suoh cases legaminoaa crops should not be used. 

Cover crops may also improve the physical condition of tlio soil. In 
this ooonectioa the relation of hamns to the water-holding capacity of 
the soil has been already noted. Hamas is also beneficial in changing 
the cliai ai-tcr of ve.i y heavy soils, making them more jjoious anil lessen- 
ing their tendency to puddle iu wet weather. Cover crops which live 
through the winter are of use in drying out heavy wet soils iu spring 
BO as to allow of cultivation. 

Cover crops may also be advantageous iu protecting the trees aud 
firait. The Delaware Station reports lessened injury to frnit blown 
froiTi the tree wli(>re the soil was covered witli a crop of crimson clover. 
In the extreme J^lorth cover crops are thought to be of advantage iu 
preventing deep freezing and alternate freezing and thawing of the 
soil and the consequent injury to the roots of trees. At the Delaware 
Station ground covered with crimson clover is leported as nn frozen 
when the temperature of the air was 14° V. In some cases a cover 
may be ii^jarioas rather than beneficial to trees and fruit through the 
protection afforded to insects, mice, etc. 

To secui e the best results with a cover crop that lives over winter, 
it should be plowed under early iu the spring while it is still succulent 
enough to decay rapidly. A crop plowed under late in the spring after 
it has become more or less woody will dei ay slowly, keep the soil too 
loose, aud thereby serve to dry it out rather than retain its moisture. 
In many regions the crop may also do injury by the evaporation of 
moisture from its leaves if allowed to i;row too lato in spring. 

The kiud of crop that should be grown for wiuter cover must be 
detamdned by local conditions.' In general the best crop is one thfrt 
ean be sown after tree growth stops, continnes <jrowtli late in the fall, 
makes a close, thick cover, lives over winter, aM<l lurnishes considerable 
green manure. Nevertheless some crops which winterkill fbmishoon- 
sideruble winter protection and serve fairly well the porpoae of a green 
manure. Red clover and alfalfa, though good green-manure crops in 
general farming, ai e not suitable as a rule for growth iu orchards, siuce 
they do not start well late in summer and require too much time to reach 
their fbll development. At the Ganada Experimental Farms alfalfa 
aud red clover proved inlei ior to mainmotli clover. A mixture of alfalfa 
and mammoth clover, however, made a good cover; the mammotli clover 
covering the ground thickly below the taller and more slender alfalfa. 
Mammoth clo\ ei- was considered the most satisfactory cover crop for 
Oauada. It germiuated promptly, soou took possession of the ground, 



and began growth early in the following spring. At the New York 
State Station mammoth clover foruicd a dense eoveiiug and remained 
alive over winter, comparing favorably with winter vetch and. wiut«r 
rye. A mixture of the latter formed a perfect mat of vegetation and 

remained green ov< r winter. At tlie New York Cornell Station the 
European vetch sown early iu summer, though Btartiug slowly, made a 
thick cover by the middle of September. It remained green and con- 
tinued growing;- for some time after frost, the vines standinjf 2 feet bigh 
at the beginning of winter. On the approach of hard-freezing weather 
it fell, forming an even, carpetlike cover, and by spring the plants were 
decayed so they coald easily be plowed under. The seed must not be 
sown too early for best results with summer cultivation, but the plant is, 
aevertheless, considered one of the best for New Tork. It is recom- 
mended to sow the seed the last of June or first of July or, if iu very 
good soil, as late as the last of July. Soja beans and cowj)eas have 
lieeB snecessfuly grown in peach orchards in Connecticut. In Canada 
they are reported to have grown rapidly, but were killed by the first 
frost and did not make as good a cover as rye, buckwheat, or lield peas. 
Cowpeas, and perhaps velvet beans' also, may prove valuable in the 
Southern States, but are not so well suited to the North. Both the New 
Tork stations report cowpeaa as making a good growth, but the seed 
must not bo sown too early to allow of the best cultivation. The ])hint8 
are killed by the first frost, lose their leaves, and afford little winter pro- 
tection. Field beans, while better than no cover, are open to the same 
objections as cowpeas. Field ])eas ai e often grown as a cover crop. 
At the New York Cornell Station tield peas sown iu the middle of 
August produced vines from 2 to 3 feet long and remained green after 
firost, making a good mulch. When sown as late as the middle of Sep- 
tember they did not make a satisfactory cover. At the New York State 
Station Canada peas and buckwheat and blue peas and buckwheat 
gave satisfactory results, both mixtures making a good growth aud the 
peas remaining greeu until winter. The growth of the Canada peas 
and buckwheat was so great as to interfere with the gathering of winter 
apples, field peas are considered among the best crops for winter 
cover at the Nebraska Station, though most crops make a rather small 
growth iu the dry falls of that region. Crimson clover^ is considered 
an ideal cover crop wherever it withstands the winter, though it does 
not thrive on hard, poorly tilled soil as well as many other crops. It is 
reported by tlie New Jersey Station iis being hardy throughout the 
State aud considered much more economical thau city manure as a 
nitrogenous fertilizer. It may be sown there from the middle of July 
to the middle of September. According to the Delaware Station, it is 
grown largely in the peach orchards of that State. It sends its roots 
to a depth of 4 feet even iu hard soil, flourishes on poorer soil than red 



' U. S. Uopt. Agr., Farmers' Bui. 78 (Expt. Sta. Work— V), pp. 12-14. 
' U. S. Dept. Agr., Farmers' Bui. 69 (Expt. Sta. Work— III), pp. 8-10. 
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cluver,aud makes its growthdariiig the fall, winter, aud spring, growing 
when wheat and even rye seem dormant. In spring tbe sod is plowed 

in such 11 way as to loiive inaiiy of tlio c1ov(M' heads above the soil, to 
ripen and leseed the orchard. On poor soil cowpeas are sometimes 
grown daring summer, and are followed by crimson cloTer sown in the 
pea vine in Aiifrnst. Tiiis i)racti(;e is also rt'cornmeiidcfl by the Vir- 
ginia Station. Orinison clover has not proved entirely haidy at the 
Bbode Island, Michigan, New York State, and New Hampshire stations 
and at the Canada Experimental Farms, and was not satisfactory at the 
Nebraska Station on account of dry weather in the fall. lu thelocality 
of the New York Cornell Station crimson clover winterkills if sown too 
late. About the middle of July or first of August is recommended as 
the best time to sow it. If sown earlier, it matures and dies before 
winter. I 'ailures with crimson clover arc fiecinent, but no more so than 
with red ox mammoth clover sown at the same time. 

Where a nitrogenous fertilizer is not desired, rye is a good cover 
crop. It is also usctnl on very li{;lit sandy soils, and on very hard 
lumpy soils where other crops are not easily grown. A few years' 
growth of rye may improve such soils snfBoiently to permit of the use 
of other crops. Turnips have been recommended for use on hard dry 
laud, where other crops do not start readily. Sown late in July, tb^ 
are Baid to make a good cover in tbe locality of New York Cornell 
Station. Rai)e ' may also serve a useful purpose as a cover crop. At 
the New York State Station dwarf l<;ssex rape made a very rank 
growth, sullicient to interfere witli ffatiicrin^- winter fruit. It seemed 
tofuruisii iiidiii^- plarcs for mice, winch {girdled the trees badly. This, 
however, may occasionally be true of any heavy cover. Corn sown 
thickly one and one half to two months before frost makes a good 
winter cover, though killed (quickly by cold weather. Buckwheat is 
also good for the same i)urpo8e if sown so as to reach its full height 
but not to i)rotluce seed before winter. Amonfi other plants of more 
or less value as cover crops, oats, wheat, barley, millet, aud spurry are 
sometimes recommended. 

cuLnvAinro v. cboppihg obohasds. 

Whether orchards shall be cropped or given clean cultivation, how 

cultivation shall be done, whether it shall be (continued throughout the 
seasou, and similar problems depend very largely on local conditions 
of soil, climate, and the like. It is evident, therefore, that no definite 
rules can be given for the cultivation of ori-iiards in all localities. The 
principles underlying successful culture, however, are the same every- 
where, and therefore a knowledge of them will aid in deciding local 
questions. 

Various exi)eriment stations have conducted experiments to find out 
what methods give best results and why they do so. At the New York 

' U. S. Dept. Agr., Farmers' Bnl. 78 (Espt. Sta. Work— V), pp. »-12. 
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Cornell Station it was found tbat the roots of trees only 6 or 6 years 
old have a greater spread than the tops. For instance, the rootoof 
an apiile tree in rich, cultivated soil extended 8 fei-t from the trunk, 
while the entire top was not over 8 feet across. Another ii|)[)le tree iu 
80d, vith a top only (> feet across, had roots 10 feet long. A pear tree 
in poor soil bad roots 21 feet long, while its entire top measured only 7 
feet across. The roots of an apple tree which bad stood in sod since 
planting were just beneath the surface of the soil, while the roots of 
those in cultivated soil were nowhere less than 8 inches from the sar- 
ftbce. These facts show that if orchards are to be cnltivated at all they 
must be cultivated from the first, since otherwise the roots grow so 
near the surface as to be injured by plowing and cultivation. They 
also show that to get the fUIl benefit of cultivation all the space between 
the trees must be cultivated. 

At the Nebraska Station a study was made of the effect of cultiva- 
tion on the growth of apple trees, the size of fruit, and the water con- 
tent of the soil. A small orchard was divided into three parts, one of 
which was cultivated regularly and the other two left iu grass aud 
weeds, one of the latter being mowed and the other pastured by hogs. 
The report says : Trees in cultivated ground sutiered noticeably less 
firom the drought and hot winds of summer than those iti sod ground. 
The foliage was darker and more vigorous in appearance, and there 
was no yellowing and dropping of the leaves nor wilting daring hot 
windy days, both of which oecnrred with ancnltivated trees. Apples 
from cultivated land averaged nearly 14 per cent laiKcr in weight than 
those from pasture land and over 17 per cent larger than those from 
mowed land." The average percentages of moisture iu the first 20 
iiunics of the soil in the difierent portions of the orchard in the latter 
part of October were: Mowed portion, 14; pasture portion, 14.7; por- 
tion cultivated until Aagast 1, 17, and portion cultivated the entire 
season, -0.4. The next season the results were ])ractically the same. 
The average percentages of moisture iu the iirst 24 inches of soil iu the 
last of August were: Pasture part, 14.6; mowed, 14.6; culti'rated, 21.2. 
The differences in moistnre were greater at a depth of 6 inches than 
the average dillerences given above, and were noticeable even at a 
depth of 20 inches. Observations ou some grass land near the orchard 
showed that alfalfa only 2 years old took the moisture from the soil as 
completely as an old June grass sod. These facts show how very nec- 
essary cultivation is in a dry climate. That the same is true in dry 
seasons iu moister climates is shown by observations at !New York 
Ooruell Station. Part of an orchard was given clean cultivation and 
another part was seeded to field peas in the spring, to be grown aa a 
green manure crop, iu the fall the percentages of moisture at a depth 
of 12 inches in the green manure plat were 8.7 to 9,6 and in the culti- 
vated plat 11.3 to 12.8. Moreover, in tin; cultivated soil the moisture 
was distributed to within 2 inches of Uie surface of the soil, while in the 
11821— No. 87 2 
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soil growing field i)eas the first few inclio^ were exceedingly dry. The 
tree growth was less vigoruiis and the leiives lighter uulured on the 
green manare plat than on the other. The leaveu of peach trees on 
the cnltivated plat were perfect, while on the green manare plat they 
. turned yellow and fell. Similar differences were seen in the case of 
apricots, pears, and plums. 

The Oalifomia Bration has recently reported an instance of the bene- 
flciiil etlccL of cultivation on th(* {>rn\vth and li iiil liilness of orchards. 
Apricots grown iu adjacent tields under exactly the same conditions, 
except for cultivation, showed great diflerenee in behavior {Ag, 3). 
The soil of the rcf^ion in whicii the ort'hards are located lias a rather 
loose texture. One orchard was cultivated several inches deep and 
the other was uncultivated. During one season the trees in the 
cultivated field made a wood growth of over 3 feet, while those iu the 




Tm. >.— CidUTatod (A) mi luHralttTated (S) apricot treaa In a dry waaon. 



onenltivated field made a growth of not overS inches. There was also 
a great difference iu the fruit. The average percentage of moisture in 
the first 6 feet of soil whs 6.3 in the cultivated orchard and 4.2 in the 

other one. A recent bulletin of the Illinois Station reports marked 
benefit from clean cultivation of an orchard. In 1890 three rows each 
of Ben Davis and Grimes Golden apples were ])lanted, the trees being 
set ITi I'eet apart each \va\ . These wer(^ divided into l plats, tlie (list 
being given clean cultivation and the second, third, and fourth being 
cropped with oats, clover, and blue grass, respectively (fig. 4). The same 
treatnient was eontinucil each year after planting;. Tlu^ trees j^rown on 
the grass plats were decidedly inferior to those grown on the cultivated 
plat as regards height, diameter of trunk, vigor, and abundance of 
foliafje, etc. For instance, in the case of the Ren Davis trees the 
diameter of the ti unks I foot al)ove the snrface of the soil was iibout 
twice as great in the case of the cultivated plat as in case of that in 
grass. Similarly the height of the trees iu the two plats averaged 18| 
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and 11 feet, and the diameter of the tops 1.5^ and 8| feet, respectively. 
In the gi owtli and vigor of trees, the clover plat ranked next after the 
cultivated plats, aud tberoats plat ranked betweeu the clover and blue 
grass plat. An examination of the root systems of trees on the difiTerent 
pints also showed (lie superiority of clean cultivation, especially over 
ci'oppiug with oats aud grass. In the cultivated plat the root system 
VM compact and reached a considerable depth, while in the oats and 
gnUKB plats the roots >;re\v shallow and ranged widely from the tree. 
There was also a dittereuce in the moisture couteut of the soil in the 
different plats. In the latter part of October, 1897, the average per- 
centages of moisture in tli<^ lirst 27 inches of soil of the various jilats 
were for tlie cultivated and corn plats 12, for the clover plat 10, and 
for the oats and grass plats 8. The eflbct of the different treatments 
is seen in figure 4 which shows a typical tree &om each of the 4 plata. 
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Fio. «.— Effect of different systems of onltare on the growth of apple trees: A, clean cultiTation ; 
B, cropped with oats ; O, cropped with clover ; D, cropped with blue grass. 

The injury caused by growing grass in yonn^- oreliards is shown very 
emphatically by an experiment conducted at the Utah Station. Parts 
of an orchard were seeded to alfalfa, timothy, clover, and a mixture of 
tiinotliy and clover soon niter the trees were set, and other parts were 
cultivated, all being irrigated alike. Over half of the trees in the 
grass plats died and were reset twice, while the cultivated trees Itved 
and grew well. It is not to ho expected that growing grass in yoang 
orchards is always as injurious as it proved to be at the Utah Station, 
yet the reported experiences of £rnit growers and experimenters every- 
wliei'e sliow the importance of carefnliy cultivating ,\'oung orchards. 
Even in a climate as moist as that of i'higland grass proves very detri- 
mental to young trees. At the Woburn Experimental Frait Fana ft 
mixture of grass recommended for orchards was sown aroand young 
apple trees and other trees were cultivated, the two lots being treated 
alike in other respects. 'IMic second year after sowing (lie grass the 
trees in the grass plat made 3u to 41 per cent less leaf growth and 
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74 to 87 per cent less wood growth tbaa trees in the cultivated plat. 
In the case of dwarf trees bearing froit for the first time the grass 

reduced the yield 71 per cent in wei},'ht and 82 per cent in Talue. 
(iriis.s Hod was much more injurious than weeds which lived bat one 
year. 

I'roni the experiments referred to above it would appear that the 
growtii of grass, weeds, and eveu such plants as field peas, through tlie 
entin^ season without cultivation, especially in young orchards, is to he 
regarded as aa iiynrioas practice. The growth of grass, weeds, and 
cereal crops makes impossible cultivation, which wonld not only check 
evaporation of water from the soil, but would also prepare the soil to 
hold more of the rainfall, make plant food available to the trees, send 
the tree roots down to the subsoil, and the like. Aside from prevent- 
ing cultivation, the crops noted eva|)orate a great amount of water 
through their leaves, and, if removed from the orchard, rob it of fertility. 

Notwithstanding all this, it mnst not be inferred that clean cultiva- 
tion is best in all eases. If tlie tnu's are set in fertile^ soil lliere is 
usually no injurious effect from growing a secondary crop between the 
rows while the trees are young and their roots do not occapy the entire 
soil, but the secondary crop should always be one that requires careful 
cultivation and does not evaporate moisture excessively, such as beans, 
I>eas, potatoes, cabbage, squashes, melons, and the like. The crops 
noted, and other similar ones, if not i>lante(l too close to th(^ trees, do 
not liinder cultivation, and tliey evai)orate c<)nii)aratively little moisture. 
As an example of this, it has been shown at the Nebraska Station that 
in midsummer the nioistnre content of the soil of well-cultivated plats 
of cabbage, beans, peas, and potatoes was but little less than that of cul- 
tivated fields in which no crop vas growing. Such plants as sijuaslies 
and melons may binder cnltivatiou late in the season, but that is usu- 
ally not a disadvantage, as shown later. As the trees grow the crops 
should be planted farther from them until the tree roots occiiiiy all the 
ground, when it is usually best to discontinue growing secondary 
crops. Orchards with trees set 20 feet apart should rarely be cropped 
more than three years, but apple orchards can often bo cropped for 
seven or eight years. When the trees begin to bear it is usually time 
to stop cropping the orchards. 

Aside from the growth of secondary crops in orchards, tliere are other 
oases where clean eullivation is not best. It often happens that in very 
rich soil or in very moist localities fruit trees grow vigorously, but do 
not fruit well. It is then necessary to do something to check the 
growth and induce fruitfulness. This may often be accomplished by 
seeding the orchard to grass. How long giass should be allowed to 
remain cau be determined only by the growth, fruitfulness, and appear- 
ance of the trees. If the growth becomes very weak and the leaves 
are light-coloie<l it is an indii'ation that cultivation should bti resumed. 
Indeed, it should have been resumed betbre these conditions appeared. 
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Another case iu which clean cultivation is not best is where orchards 
iB vevy light Boils are subject to the washing and leaching of heavy 

nbte. In such cases it may be advantageous to grow a secondary crop 
te ffiUBiner, to hold the soil and prevent the washing out of food mate- 
tials. This binding of orchard soils 
1^ means of secondiuy crops may 
well be combined with the improve- 
ment of the soil by green manuring. 
In the majority of cases, however, 
this treatment will be found uunee- 
essary. But even where summer 
treatment is not necessary it is often 
well to grow some crop to protect 
tbe soil and trees during winter and 
to improve the soil. In this case, 
then, clean cnltivation daring the 
first ])art of tlit) season may be fol 
lowed later by the use of some cover 
loop. 

AFFLICAIIOH OF WATEB PBES- 
SITBE TOTBAHSPLANTEI) TBEES. 

The Wisconsin Station lias re- 
cently reported experiments in ap- 
plying slight water pressure to the 
roots of newly transplanted trees as 
a means of promoting the starting 
of their buds, thereby preventing 
failore in transplanting. A vessel 
containing a small quantity of water 
is supported at a height equal to or 
slightly exceeding that of the tree 
and connected by a tube with a root 
of the tree, so that tlie i)ressuie ex 
erted by the column of water iu the 
tube is communicated to the water 
within the tree. In the tests made 
at the station a tlaslc of water was 
supported on a stake driven in the 
ground near the tree and a i nbl)ei' 
tube used to connect the llask with 
the root. A simpler and more substantial form of apparatus is recom- 
mended for general use (fig. 5). A cup with a small opening in the 
bottom is soldered to one end of a small gas pipe and a cap screwed 
on to dose tlie other end. Near tlie (jlosed end the jjipo has a T con- 
nected with a brass nipple to wliich a short rubber tube is attached. 




Fig 5.- 



Appat-alua I'or applyiug water pressure 
to traDspUnted trees. 
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The soil ia removed from tbe end of a root aud the closed end of the 
gas pipe shoved into the gronnd near enongh to the tree to allow the 

riibhcr tube to sli]) over the oiid of the root. Tlus (mkI of the rubber 
tube is then closed with a cork and the apparatus tilled with water, 
when the cork is removed and the end of the tnbe slipped over the end 
of the root aud tied with a cord. 

The ellect of the water ])re8sur6 was often very quickly noticed, some- 
times within forty-eight hours. Pressure was applied in the latter part 
of May, 1890, to a small i)nr])le beech tree which hnd been planted in 
April but bad shown no indications of oi)eniu^ its buds. >Si.v days 




Fia. 8.— Bfltot of artificial root pnaann on tbe opening of buds. 



later the buds had ojiened sulliciently to show the leaves plainly. In 
the middle of May, IS'.IG, water pressure was applied to a tree of tbe 
" City " plum which liad been planted nearly a month previous. Several 
leaf bads had opened but hud bren di ied u|) by hot, dry weather. A 
week after the pressure was apiilied many buds which bad not opened 
before began to swell, and in about another week the leaves were push- 
ing out vigorously. In the spring' of 1897, twenty Whitney crab-apple 
trees were planted in rather poor, dry soil. The roots of these trees 
had been exposed for a time during tbe winter to the warm, dry atmos- 
phere of the garden house, haviug beeu used by stadeuts in lessons in 
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trantiplaiitiii^', and had tlieii been kept in damp soil iu a cellar. During 
the four days preceding ])lanting the roots were exposed to the air but 
protected from the rain and suow. The trees were planted in the lat- 
ter part of April witbont special care, and water pressure was applied 
to a root of each alternate tree. The weather was clear, witii occasional 
showers. In one week after planting, the bads On the trees supplied 
with water pressure began to open, and in two weeks every tree thus 
treated was starting well. Diii'ing the next two weelis, with dry, clear 
weather, the treated trees continued with one exception to expand their 
leaves. By this time the buds on one of the untreated trees began to 
start, but tliose on the other untreated treea showed no sign of start- 
ing, (dee tig. 6.) Later the ground was well irrigated and mulched. 
All the trees ultimately grew except two, both failures being in the 
untreated lot, and by fall little difference could be seen between the 
trees of the treated lot and the live ones of the untreated lot, showing 
that the advantage of the teeatroent is only in starting growth. 

The apparatus has not thus far been tested on trees more than four 
years old nor on evergreens. Whether it will be found advantageous 
to use tills treatment in transplanting large trees can not be said at 
present. Whether it is found economical in ordinary work or not, it 
will nndoubtedly prove a very valuable means of preventing failure in 
transplanting trees under unfavorable conditions, specially in the case 
of rare or otherwise specially valuable trees. 

In regard to the practical value of the treatment the bulletin says: 

Trees of wbicli tho bark is Bbriveled and tho buds blackened by uuduo dryiuR, or 
of vrbich the roots have been killed by severe freezing in a dry soil, can not be saved 
by this treatment ; bot treea of wbicb the bark ami bada are plump, that are unable 
to expand their leaves even when the soil about their roots is moist, may generally 
be assisted to do so by the apparatus here desoribed. The treatment will probaibly 
have eHpecial value for trees that it is desired to plant -without severe cutting baek 
of the top, 

THE PECXnroiTY OF SWlHJS. 

The impression is jjrevalent among farmers tliat pure-bred swine are 
unprofitable for breeding purposes, as it is thought that as jxirity of 
breed increases fecundity decreases. The question of the fecundity of 
improved breeds of swine was investigated recently by the Indiana Sta- 
tion. The numl)er of pigs farrowed and raised in the first and tlie last 
200 litters recorded in the registers of Berkshire, Foland-Ghina, and 
Chester White pigs were compiled. In comparihgthe litters, 100 litters 
were selected in which the sows were recorded, and 100 in whicli the 
boars Were recorded. The dates of farrowing of the first 200 litters 
varied through a number of years. The last 200 litters were almost all 
farrowed in 1896. The popular opinion was not confirmed by this 
iuvestigatiuu. 
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While tbcire Mems to be a rednetlon in Uie oarober of very large utters, tne totai 
number farrowed is abont the same as shown by the first reeords. 

It is not the intent to compare breeds, bnt to compare the earliest and latest rec- 
ords of li tters, to determine whether there has been a real gain or loss in the fecundity 
of the breed. 

Tlie uuiiibiT (if boars and sows niisril wiis as follows: liorkshire, 400 litters, 2,86(i 
pi^s, 1,KW boars, 1,308 sows; Pdlaiiil-Cluiia, 1,000 lit tors, (i.ril'i pigs, 3,228 boarB. 
ii.riti Nows; Chi'Mtci- Wliilii, llOo liltiirs, I,ri5ri |>i;;s, l',L';it! Iiiiars, 2,;!li» mows. In ii total 
of 3,693 pigs farrowed, and all raised, tliure were 1,786 boars and 1,907 sows. 

FOOD VALUS 07 HENS' E008. 

Eggs aro gonor.illy rngiirdcd as a valnahl« and nutritious food. 
Accordiug to a large uumber of Auieiicau autilyses, au egg ou au aver- 
age weighs 2 onnoes and has the following pereentage composition: 
Shell, 10..T; water, fifi; protein, fat, 0.:?; and ash, 0.9. A side of 
beef contains ou au average about the same percentage of protein, but 
a larger percentage of fat. Eggs belong to the nitrogenous group of 
foods, and would naturally and quit(^ properly be combined in the diet 
witli materials supplying earboliyilrates (sugar and starch), such as 
cereals, jjotatoes, etc. 

The California Station has recently reported an extended study of 
the physical properties and cbemleal composition of eggs, the chief 
object being to determine whether th^ was any basis of fact for the 
popolar opinion that eggs with brown shell have a higher food value 
than those with white shell. The brown-shelled eggs were from Par- 
tridge Cochins, Dark Hrahmas, lUack l.anfishans, Wyandottes, and 
Barred Plymouth iiocks, and the white shelled eggs from lirowu Leg- 
horns, Bnff Leghorns, Wbite Mf norcas, and Bl^k Minorcas. The size, 
weight, spccilic f^ravity, and tlie l atio to total weight of the shell, yolk, 
and white are .siiown in the loliou ing table: 



Comparison of brown-ahelled and white-shelled eggs. 



1 


Wdght. 


Length 


Width. 


Specific 
grav- 
ity- 


Xnm- 
het ijf 
eggBto 
poand. 


Shell. 


F.d 
Total. 


port 
Yolk. 


on. 

White. 


Brown-abellwl eggs (avor- 
Wblte iliellad esga (aver- 

ATuage of above . . 


Oramt. 
S9.1 

62.0 


Inches. 
2.27 

2. '27 


Inches. 
1.6a 

1.76 


1.082 

1,05H 


7.87 
7.83 


Per et. 
10.70 

10. 92 


Perct. 
89.30 

89. 08 


Per et. 

31.76 

33.18 


Peret. 
57. 54 

59,90 


61.2 


2.27 


1.72 


1.070 


10.81 




86. 72 
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The coraposition of the eggs of the different breeds is recorded in 
detail. The averages are given in the following table: 



Analysei 0/ brown-shelled and wMte-thelled eggs. 



1 Water. 


Protein. 


Fat. 


Ash. 


Shell. 


Total. 


Bruwu-Hhelled eggm 


Per cent 
4fl. 59 
86. 60 
65.57 

49.81 
86.37 
84.79 


Per cent. 
15. 58 
11.99 
11.84 

15. 49 
12. 14 
11.92 


Per cent. 
33. 52 
.21 
10. 77 

33. 34 
.35 
11.22 


Per cent. 
1.04 
.54 
.64 

1.05 
.56 
.67 


Per cent. 


yVr cent. 
90. 73 
34 
09. 52 

B9. 69 
99.42 
99.52 


White 




Toik r?r. 


10. 70 


White 




Entiro 


10.02 



It has been said by some tbat tbe brown eggs are liohei tban the irhite ones, 
' TUb stateiseut is not bomo out by a chemical analysis, and the physical examino- 
. tlon proves that the main points of superiority, though extremely slight, are possessed 
by tbe ■white eggs. The minute differences that are found between the two groups 
are exceeded by variation between the varieties within the same group. 

Wo can therel'ore state us ii I'onclusioii, liidli rrcmi a clieniical ami a i)hyf'ieal point 
of view, that there are practically no differences, ho far as the food value is oon- 
oenied, between the white-shelled and brown-shelled eggs. 

The Micliigan Station has recently reported a study of the chemical 
composition of eggs from diti'ereut breeds of heus. These were Brown 
Leghorns, Barred Plymouth Eocks, Buff Oochin, Rilver Gray Dorkings, 
White Wyandottes, and Partridge Cochin. The variation in ooinposi- 
tioii of the eggs of the different breeds was too small to be regarded as 
of any practieal value. It would undoubtedly be no greater than the 
variations between different samples of eggs from the same breed. 
The effect of the character of rations on the composition of eggs was 
also tested with two lots of Barred Plymouth Eocks, Wyandottes, and 
Brown Leghorn bens. The test covered six weeks. Lot 1 was fed a 
mixture of 1 part of meat scraps, 8 parts of wheat, and 1 part of oil 
meal. Lot 2 was fed with a inixtiire of 7 parts of corn, 1 jiai t of tallow, 
and 2 parts of rice meul. Both lots were given lettuce and oyster 
shells in abundance. No marked variation in the composition of the 
eggs due to diflei eiit rations was observed, but the test is not regarded 
as conclusive, since it was of short duration. 

The value of any food is determined not alone by its eompositloii, 
but also by its digestibility. It is evident that if two foods have the 
■ same composition, but owing to physical properties or otiier cause the 
first gives up twice as much material to the body in its passage through 
the stomach as the second it is much more valuable. In connection 
with otlier work the digestibility of eggs was studied at the Minnesota 
Station. Five experiments were made by means of a pepsin solution 
to determine the digestibility of eggs cooked under differentconditions. 
Eggs were cooked for 3 minutes at 212° F., givinfj a "soft-boiled" egg, 
and for fi minutes and 20 minutes at the same temperature. An egg 
boiled 3 minutes and digested for 5 hours in pepsin solution, compared 
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with one boiled 20 minutes and treated in tlie same way, showed. 8.3 
per cent undigested protein in the former, against 4.1 per cent undi- 
gested ])i()teiii in the latter. Under siinilar treatment the egg boiled 6 
uiiuuteu gave 3.1) per ceut uudigested protein. 

Another trial was then made, in which the eggs were cooked for 
periods of 5 and 10 niitnites in water at 180'? F. In both of these cases 
the protein was entirely digested iu 5 hours. 

These results would indicate that while the method of cooking has 
some olTeet upon the rate nf digestibility, it does not materially affect 
the total digestibility. The results agree quite closely with those 
reported some years ago by Bnbner, a German investigator, who found 
that 07.1 of the proteifi of har d boiled ejrs^ was digested. 

At the Minnesota Stat ion a digestion expet iment was also made with 
a healthy man, in wliidi a very considerable poi tion of the nitrogenous 
material and fat of the ration was furnished by eggs, the other foods 
eaten being i)otatoo8, milk, and cream. About 90 per cent of the total 
nitrogenous material and 90 per cent of the, fat consmned were digested. 
In experiments at the TTniversity of Tennessee with healthy men on a 
diet of bread, milk, and eggs from 90 to 95 per cent each of the protein 
and fat were digested. The (conclusion therefore seenis warranted 
that, as showu by composition aud digestibility, eggs possess the high 
nutritive properties which are popularly assigned to them. 

Foi' a number of years this Department has been carrying on food 
investigations iu ditlerent parts of the country. One of the objects was 
to learn the kinds and amounts of food consumed by persons engaged 
in various occupations and the relative (!0st of such foods. Compared 
with other foods at the usual prices, eggs at 12 cents per dozen were 
found to be a cheap source of nutrients; at 16 cents per dozen, they 
were fairly expensive; and at 25 cents per dozen and over they were 
very exi)ensive. 

THE SWEET POTATO AS A STARCH PRODUCER. 

By far the larger part of the starch of commerce is at present manu- 
factured from corn, potatoes, and rice. Potatoes are largely used on 
the continent of lMiro])e, rice jtrincipally in l^ngland, but corn almost 
exclusively iu America, iu selecting a starch-producing plaut two 
things must be taken into consideration, (1) the amount of starch 
yielded per acre and (2) the cost of sei)arating the starch. The gen- 
eral use iu the United Sfiites of corn as a starcli producer is undoubt- 
edly due to its widespread culture, its high content of starch, and the 
ease and cheapness with which the latter is produced. While it is not 
likely that any of onrc^^ninon crops can successfully compete with corn 
asa starch producer under the ordinary conditions at i)rescnl |ii evading 
io the United States, there may be special conditions under which the 
utilization of other starch-producing plants may prove profitable. 

The aweet potato has frequently been suggested as a possible profit- 
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able starch producer, but little liiit* actually been done to detcruiine its 
valae for this purpose. The South Carolina Station has recently made 
Bome studies on the sweet potato which have an important b(>iiriii<j on 
this point. Analyses of samples of potatoes from diflfereut sources 
showed an average starch content of over 20 per cent, running as high 
as 26 per cent in some oases. In two samples the starch was separated 
mechanically. In the first, which chemical analysis showed to contain 
22.82 per cent of staicli, 20.(51 per cent was ohlained by mechanical 
means; the second, containing 21.74 per cent, yielded lt».9(j per cent by 
mechanical separation. The material thus separated was quite pure, 
coutaininj;' 90 per cent of pure starch. 

Assuming a yield of 20 bushels, or 1,200 pounds, of wheat per acre; 
36 bushels, or 1,960 pounds, of corn, and 200 bushels, or 1,200 pounds, 
of sweet i)otatoes, the yield of starch is estimated to be: From wheat, 
684 pounds; corn, 1,283, and sweet potatoes, 2,640, It is thus seen 
that the amount of starch yielded per acre by sweet potatoes is largely 
in excess of that yielded by cereals. The sweet potato also appears to 
have some advantage in tliis respe(!t over the white potato, which is so 
largely used in Europe. 

Besides the question of the yield of starch, however, there are other 
things to be taken into consideration, viz, the cost of production of the 
sweet potato, the changes that may take place in storage, the cost of 
manufacturing the starch, and, Anally, the properties of the starch itself. 

It is claimed that a given amount of starch is produced at much less 
cost in sweet potatoes than in cereals and white potatoes. A fact 
which must be taken into account, however, in considering the value of 
the sweet potato for starch manufacture is that there is a considerable 
change of starch into sngar in storage. 

The Texas Station found that "a sweet potato containing 2.77 per 
cent of total sugar originally, when kept for a month and a half, 
increased its total sugar content to 11.03 per cent, and iu four months 
still further increased it to 13.8 per cent." The extent of the loss Irom 
this source, of course, depends largely upon the length and manner of 
storage. 

The qiiestioni involving the mftiiufaptiiro of tho starch on a large scale and the 
fitness of the product for siziiif; ami other jjurposes i^au licst determined by a 
factory test. It U believed that the results already obtained are safflcieutly promis- 
ing to Justify tbose who are interested in this sabjeot in trying to have a factory 
test made. * • * 

While in communities near large markets the swapt potato always brings a good 
price, yet in districts removed from market facilities it hardly pays to ship them, 
and it is in the latter districts that starch foctories could no doubt be placed with 

advantage. 

An important factor to be taken into consideration in this connection 
is the character of the refuse left after extracting the starch. Com 

contains considerabU^ auionnts of piotein, and when used for the man- . 
ufacture of starch furnishes by-products rich in this constituent, and 
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ttorefore very valuable feeding stuffs. Gluten meal and feed are 
examiiles of ihcse by products. Sweet potatoes, on the other baud, 
oontain much less protein, and would therefore famish a much less 
valuable by-product. 

THE TOAD AS A YBXESH 07 THE EASMEK 

Qreat and beneficent results are often accomplished through very 
liiiinhlc iitroiicies. Darwin lias establislicd tlu" chiim of the earthworm 
to tlio {^ratirude of the tiller of the soil, and modern science is reveal- 
ing thousands of hitherto unseen and unknown agencies working in 
the interests of man. Science now comes forward to establish what a 
few have long maintained, viz, that the ugly and despised toad is a 
faithful and efficient servant of the farmer. 

From the earliest times, as a bulletin of the Massachusetts Hatch 
. Station states, the toad has been assodated'ln the xmpnlar mind with 
a host of " vague and ludicrous faneies as to its venomous qualities, its 
medicinal virtues, or, most commonly, the hidden toadstone of priceless 
value." To these venerable creations of the imagination have been 
ail (led others ofiuiilly absurd, such as " that touchiup; toads will produce 
warts on the hands; that killing toads will produce bloody milk in cows; 
that a toad's breath will cause convulsions in children ; that a toad in 
a newly dug well will insure a good and unfailing supply of water, or 
in a new-made cellar will bring prosperity to the household, etc." 
This station has made an investigation of the habits, fbodi, and eco- 
nomic value of the American toad which dispels these fallatdons ideas, 
and at the same time establishes the claim of the little animal to our 
ooDsideration and appreoiation. 

In Now Eiiglanil the toad Uinally uinornns I'roni itH li ilioi n:il iii^ i|iiartoiH during 
the niontli of April. Cold weather retards its luov uiiinrils, lint on wiiriii diiys nt this 
HniiMOii tlic to:idH may lie I'onTid on tlieirwayto the pomlH iind Hta<r"'"it Jioids, where 
u little latur tlm i liaractor iHlir Hhrili cry may im Ik mkI thron}j;lioiit the day and 
evfiuing. Mating in coniimaicvd im soon as tho Wiiler is ii ac'InMl, or even liot'orfi, and 
lu a few duys the long slimy "ropes" of et;t;s de|iosited \ty the female may he found 
In the pools. The oggH are nearly lilack in color and rapidly increase in size. In 
two weeks the yooug tadpoles are clearly outlined, and in three or fioar weeks the 
eggs hatch. "Hie vegetable detritus of tiie pond bottoms Mid the slioie and algffi 
attaohed to sticks, plants, etc., seem to be the common food of the tadpole. Warm 
weather favors the growth of the tadpoles, and usually by July 1 to 15 the yonng 
toads ftre fally developed, leave the water and spread over the fields. At this stage 
they are exreedingly sensitive to heat, and secrete themselves nnder leaves, rubbish, 
■tones, etc., (Inrint; the day; Unt hi a vijjorons shower desceiLd and the transl'orrna- 
tion is maj;ical. '^ll<^ walks, loads, ami ^;aiilens at once hei'OIIle peopled willi myri- 
ads of tlicst^ thirsty , leaping <'real nres, and t lii*ir sudden a|ipearane*^ has led to the 
popular helicf that they "rain dnun " It is lurliinate for thi'in that when yiiung 
they nie iinnhio to endure sidai' he.il, olhei u ise lar^'e nnmliers wonlil jiiMdiahly be 
destroyed by tho birds which are active during tho day; doubtless many are killed 
by the predaceons birds and mammals which prowl by night. 
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Many conflicting stiitonuints have been made rognrding the longevity 
of the toad, but "there can be but little doubt that toads live to a con- 
siderably greater age tbau is supposed, and we may hazard the opinion 
that many of them reach an age of at least 10 or 15 years." 

Experiments have been made which " show that it is possible lor the 
toad to exist fur a limited time without food, but throw a shadow of 
improbability upon the stories of those found in rooks, trees, etc." 

When Boddeiiljr dUitnTbed or longbly ha&dled the toad ejects a oolorleBsflnld ficom 
the anns and a milky liquid from the skin. This liabit is probably the basis for tbe 
belief that the toad is venomous. The secTetion of the skiu glands is harmlesB when 
applied to the bauds, but it evidently possesses acrid properties, sinco \\ lu n tiiads 
are bitten by dogs or cats the latter usually have a copious flow of suliva, hIiow 
sifins <il iliscomfoi't, and in somn cases coming under tlio obsoi vation of llio writer 
liavo nuinlfcHted considerable distress. That tiiis fluid is not objectionable to all 
animals is a}iiiareut from the fact that many hawks, owls, etc., Inolnde the toad in 
theii- bill of fare. 

The toad sheds its skiu four or live times each year. There is a popu- 
lar notion that tbe toad swallows the molted skin, but this was not 
observed in this study. 

On the approach of cool weather, sometimes as early as the Ist of September, toads 
begin to seek winter qnatters. These they find in eellais, under bnildings, rocks, 
leaves, or rnbbish, and id plaobs where tbe action of ftost will not be felt. Cold 
bennmbs them but does not kill. 

The toad can not endure high temperatures. Properly speaking, it is 

a noctnrnal animal, and ventures ont dnring the day only when toTnpted 
by au abundance of food iu its immediate vicinity or when the air is 
full of moisture. It eats only living and moving insects, centipedes, etc. 

The toad's tongno, its only organ for seizing food, is soft, extensile, attached iu 
front bat free behind, and is covered with a glutinous substance which adheres 
firmly to the food seized. So rapid is the motion of this weapon that a careful 
watch is necessary in order to see the animal feed. • * » 

At night, soon after sundown, or even before on oool evMiings, the toad emerges 
from its shelter and slowly hops about in search of food. Something of a regular 
beat is covered by these animals, whose sense of locality is quite atrong. In the 
conntry this inolades forays along roadsides, into gardens and cultivated fields, and 
wherever insect food is abundant and grass or other thick herbage does not prevent 
liiciimotion. In cities and miliurban villages tlie lawns, walks, and particularly the 

spots beneatli electric lamiia, are favorite bunting grounds. 
■ 

The toad as a rule feeds continuously throughout the night, consum- 
ing in twenty-four liouis an amount of food equal in bulk to about four 
times the stomach capacity. 

A careftil examination of the contents of the stomachs of a large 

number of toads showed thatitS per cent of its food was animal matter — 
worms, insects, etc. "Eleven per cent of the toad's food is composed 
of insects and spiders beneficial or indirectly helpful to man ; 80 per 
cent of insects and other animals directly injnrions to cultivated crops 
or in other ways obnoxious to man." It is estimated that a single toad 
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destroys in a year insects -whicb, if tliey had lived, miglit huve damaged 
OTops to tbe extent of aboat (20. 

To »U agrioaltariBts tho toad renders conspicuous service, but gardeners and 
greenhouso owners may make this aniniiil of osj)o( ial value. Every gardener should 
aim to k<'.<'\\ a i-olouy "{ tu;i(ls ainoiin liis jjrowinj; eiO|iH anil tlio jiractire of colloct- 
in^ and t ransl'iMrinn tlioiii to tlin guidfim is a coiMinoiiilalilo oiic. AVliilii the si^nse 
of locality is strong in tliis bairai-hian and it will ollini intnrn over ( oii.sideiable 
distanoes to its origiuai hauuts, yet It may bu inilin od to roniaiu in now i|uarters if 
titwe la a Boffieient fbcA aiipply. • • » 

Th* otaw and Tarions apeoies of hawks and owls are tbe chief natnral enemies of 
ibe toad, but aa a oonunon enemy of the toad tlie nMqnitons small boy plays apromi- 
sent part. Seventeen toads dead and more or less mntilated -were once obseired at 
llaldui, Maia., lying on tbe shores of » small pool. This was tbe resnJt of a eonple 
of honfs* amnsement on tbe part of two Juveniles. 

TUm is not an extreme case. Snob ornel and senseless perseontion is only of too 
oanmon ooonrrence. Tho load cry of tbe toad at spawning time readily betrays its 
presence, and small boys, and sonn times those of larger growth, gravitate toward 
tho jmols as iLiully as do Iho tuads tliemselves. Tlicro have liccn cxctdlont laws 
enaett'd to jirolert onr in,sei;ti\ oroiis birds. Why should them ni>t be an stringent 
legislation against tho dostriietion of toads f If merit of service rendered to man be 
the standard by which legislation is determined, the toad presents a record which 
will compare favorably witb that of any insectivorous bird. Public sentiment in a 
matter like this, however, exerts a stronger inflnenoe than legislation, and when the 
■ervioes of this animal are appreciated and the toad receives fn onr pablio schools 
neognition similar to that given to the 'birds, then we ma^ expect to see a lessening 
of the wanton destraotion of this hiunble servant of man. 



EXPLANATION OF TERMS. 



TERMS USED IN DISCUSSING FERTILIZERS. 

Complete fertilizer is one wliich contains the three ussentiiil tintilizing constitn- 
ento, i. e.,. nitroKen, pbospboric acid, and potash. 

ITltrogen exists in fertilizers in three distinct fonns, viz, an or<:anic matter, as 
ammonia, and as nitrates. It is the nidst expeusive fertiliziiiR ingredinnt. 

Organic nitrogen in nitrofren in coniltination with othi^r elements either as vege- 
table or animal matter. 'Ih» mmn valualiU; sources are dried blood, dried meat, 
tankage, dried fish, and cottiMi-sciMl mii'mI. 

Ammonia is a compound of nitrogen more readily available to plants tlian organic 
Bltregra. Tbe most oomfflon fonu ia sulphateiof ammonia, or anmiouinm sulphate. 
It ia one of the first prodacta that resalts A-om the decay ol' vegetable or animal 
substances. 

Nitrates fnmish the most readily available forms of nitrogen. The most common 
are nitrate of soda and nitrate of potuHh ( Hiiltpi ti'r). 

Phosphoric acid, one of tln' esscniial Icitlli/.inj; iiigrodiont.i, is di^iivod from 
materials called phosphates, it doeu not exist alone, bnt in oonibiuatiou, most com- 
monly aa phMpbate of lime in the form of iKtnea, rock phosphate, and phosphatie 
■lag. Phosphoric acid occurs in fertilizers in three forma— soluble, reverted, and 
inaolable phosphoric acid. 

Potash, as a constitnent of fertilizers, exists in a number of forms, bnt chiefly aa 
ohlorid or nMiriat(^ and as Niilpliatc. All forms are freely soliilile in water and are 
believed to be ne;n'l \ , i 1' not i| ni to. ei|nall,v avnilalile, t it \irt'\, found I hat I lie 
i-hlorids may iujuriouHly allect the quality of tobacco, potatoes, and certain other 
crops. The chief aouroes of potash are the potash salts from Staaafurt, Oermaayi— 
kainit, sylvinit, muriate of potash, snlphate of soda, and aniphate of potash and 
magneaia. Wood ashes and cotton-hull ashes are also sources of potaab. 

TERMS USED IKT DISCUSSINO FOODS AND FEEDINO STUFFS. 

Water is contained in all foods and feeding stuffs The amonnt varies (rom 8 to 
15 pounds per KlU poiuids id' mh Ii dry materlalB as hay, Straw, or grain to 80 pounds 
in silage and 9U pounds in some roots. 

Dry oiatter is the portion remaining after removing or excluding the water. 

Ash is what is left when tbe combnstible part of a feeding stnit' is burned away. 
It consists chiefly of linie„niaf;nesia, potasli, soda, iron, chlorin, and carbonic, sul- 
phuric, and )dioH)>horic acids, and is used hirjicly in maliin;; lioncs. i'art of the ash 
constituents <il tliu f<iod is stored up in the aniiiial's boily ; tlie rest is voided in the 
urine .ind niiinnre. 

Protein (nitrogenous matter) is the name of a group of sulistances containing 
nitrogen. Protein furnishes the mati^rials for the lean flesh, blood, skin, muscles, 
tendons, nerves, hair, horns, wool, casein of milk, albumen of eggs, etc., and is one 
of the most iniport.iiit eonstitnentH ol' feeding stnli's. 

Qlutcii is the n:inic j^ivrn to one of I ho niosi important of the nitro;;oiions sub- 
Stances olassei I tofjetber under the general term "protein." " Wheat gum," obtained 
by carefully chewing wheat, is a familiar example. It is the gluten of flour that 
gives consistency to dough. 

Carbohydrates.— 'I'he nitrogen-free extract and fiber are often classed together 
under the name of carbohydrati s. The carbohydrates I'orni the largest part of all 
vegetable foods. They are either stored up as fat or burned in the body to produce 
beat and energy. The most common and important carbohydrates are sugar and 
starch. 

Fiber, sometimes called crude oellnloae, is the flramework of planta, and ia, as a 
rule, the most indigestible constituent of feeding stuffs. The coarse fodders, snch 
as hay and straw, contain a much larger proportion of fiber than the grains, oil 
cakes, etc. 
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Nitropen-free extract inelu(I<'8 stiircb, sugiir, tcnina, mid tlu" lilic, foriiiB an 
iiii|ii>i'lant jiMi't of iill IVediii^; HtiiIVs, but espei'iiil ly nl' miuhI f;iiiiiiH. 

fa', III' the iiiaterialH tlisMiilvud from a feedint; ntiilf by ether, is a HiUistunce of 
luixod charaotw, and may inelnda, benidM real fats, wax, the Kreea coloring matter 
of i)laiitH, etc. The fat of food in either stored up in the body as fat or burned to 
furnish heat and energy. 

macBXJUAjnmva terms. 

Alkali soils. — Soils found in iirid iir Kuniiiirid regions, which rontain an nnnsnal 
amount of Kolulilo nuiitnal (alkali', uliirh oliloreHco or lilooiii otil in tint form 

of a white |io\\ iler or (M iiHt in dry wi'a 1 licr fiillowini;- rains oi' irri^al ion. 'I'wii dis- 
tinct olaHsiH of alkali aro known: \\ liitc al kali, (:oin|iosed la i>;'i'ly ol' Hiiljiliatit of 
soda nnd common Halt, which is comparatively harmless; ami black alkali, com- 
posed largely of oarbonate of soda, which is highly corrosive and destraoUTO to 
vegetation. 

Humus is the name applird to tlie partially docom|ioscd orij.anii' (animal and vop'- 
taliliO matter of the soil. It i-i tlm jiriiiciiial soincn of iiitro.urn in the noil. 

LeBUminouB plant is u plant of tlitt Imtanii al ontitr Legiimiuosa', tliu principal 
representatives of which aic clover, pt^as, lican.i, cic. 

Bpeolfio gravity of solid substances is ilio ratio of the weight of a given bulk 
of tne body to that of uu equal bulk of water; or, stated in another way, the ratio 
of the weight of the substance in air to its weight in water. 

Pepaln. — A substance (ferment) fiuiiid in the juioeB of the stomach, which aids in 
the digestion uf food. It is piepan-d iii a comparatively pore state on a commercial 
•oale nom the lining membrane of pigs' stomachs. 
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'I'hesc li\iUetlns are sent free of charge to any address npon application to the 
.Sccii'tar\ III Agrionltnre, Washington, D. C. Only the following are available for 

distribution : 

Nil. III. Niiiiic llKHtrml i , r I'litiilii DUiNisfH: \\'li;it Thi'y -^I'l' iiml Hnu' In Trtlvi'iit Tili'ni. No. ]t't. 
Legilliiiliinm I'liiiilM l.ii' iliiM M Miimirinii iimi tin I'miiii;.;. Nu, IH. I'liraun riaiits liir the .South. 
Ny. 11). IliilMirlaijl I iiHnt icidf.i ; 1 lircitimi.s Inr Ilnir I'i-c|iuratiiiri auil I'sn. No. Jl. llaili\aiil .Maiiiirii. 

No. 'J'J. Fi'Bililij; t'anu .\llinlal^^. Nii.Jil. 1' is \ lit lit ivu Valiiii iiml Cii-^l . Nu.'J4. 11"^ I ■lioh-ra aliil 

Swillr I'lii^iH*. No. 'J.'i I'l-aiiiilH: Ciiltiiii- anil I'i'.h. No. 2<i. Sivi't-f I'lilatiii's ; t'liltiiro anil I'siih. 
No. '-'7. Vhi\ liir Si'i-il anil Fiber. No.'JH. \\',..il..i; ami llou In K ill 'riii-iii. No Jll .Siniiiii',' of Milk 
mill (UliiT ( MiiincrH ill .VI ilk I'milm ts. .N'li :ili. I Irapn lli>,oa iiii 1 ho I'acitir (.'oa-t . No. 111. .\ Ha I la, 
or Liicoril. No. 3'.^. .Silo.i n ml Sila^t., No. ;i.f. I'oai ti (liowiii^ lor M.irlvi t. No. lit. Moats; {;oiii|ioHi- 
tion and Ciiokin;;. No. I'oiaio I'liliurr. .\o. :H), I'otioti S.-iil ami Itn I'riHlucts. No. ;i7. Kafir 
Com: Chararti-risiir.i, Ciiliiiii' ;iml 1 .^rs .No. .18, S|iiii\ iiiL; for I'riiii I lisra.soM. No. :i!l. Oiiiiiii Cid- 

tuni. Ni>. 411. farm lira . No 11 1 'o « U : ( : i ro ami K.o.lina. .No, IJ. F.iiitH .\ l.mit .,M ilk. No. 

43. Siiwn^o DisiioHul on llio farm No. II. l 'oviiim-icial FiTlili/.i-lt*. No. fTi Simn> liisri-.lrt liijuriotiH 
to iStori'il (ii.iiii No. .(1), 1 rri;_'.i I ioii ill 1 1 iimiil I Miiiiato.s. No. 47. liisri'1.1 .V tlorl i ii^^ I lio (lotion I'lanf. 
No.4H. Tllii Maliiiriii{^ III' Coltoii. .\o, f.i. .Sliot'p ft)».iliu>;. No. 50. Sor;;tiiiiii a-i a Fora^oCrop. No.fil. 
.Slaiiitiiril Varieties ol CliickciiM. No I'iio .Snyar He«t. No. 53. ilovv to (irow Mii.slirooiiiH. No. 54. 
Soiiiu (.'oiiiiuon birds In 'ria-it Urlaiion to Ajiricnltiire. No. 55. Tlio Dairy Honl : Its Fiirtiiation 
uuil Mitnilt^eiliellt. No. .'»(!. Fxtn'rimnit Stillion Work— I. No. 'J. Itiittor Making on tlio i-'ariii. 
No. S.-*. '1 lio Soy lU'an as a Foraiio I 'rop. No, 5!1. ItiM' Koejiini;. No, lid, Motliods of < lurin;; Toliarco. 
No.Ul. Asparagus ( .'iilt iiro. .No. Il2. .MitrUfl iii^' Farm I'rodiicf. No, tiil. t'aro of Milk on (lio Farm. 
No. tl4. Ducks ami lireso. No. tia. F'xpcriiiiciit Slatioii Work— II. No. 60. Moadowa and PasturtiH. 
No. 67. Forestry for Fariiii-rs. No. IIS. 'tlio lilurk Jlotof llio CiililiaKo. No. GO. Kx)>erinieDt 8tatiuu 
Work— III. No. 70. Tlio rriln ipal liisrcl Kiioinii-s of tlio iirape. No. 71. .Soinu Kssentials of Beef 
Production. No.72.(;uiilo i;aii;.;i's of i ho Soiitliwesi. No. 73. Experinieut Stat ion Work— IV. No. 74. 
Milk aa Food. No. 75. 'I'lio lirain Siiinls, No. 7C. 'romato Growing. No. 77. TIio Llniini^ of .Soils 
No. 78. Experlniout Station Work \'. No. 70. ICiiperiliient Station Work— VI. No. 80. 'llio Poauli 
Twii;. borer— an liiiportant Kneiny of btouu Fruits. No. 81. Com Cnlture in the tjoiitli. No. 82. Tlie 
Calture of Tobacco. No. s:i. t'oUaoco Soils. No. 84. Experiment Station Work— VII. Mo.8S.Fishaa 
Food. No. 8U. Thirty l-oisouuosPlsoti. No. S7. £xpuriffient Station Work— VIII. No.SS.'Alkall 
Lands. No. 89. Cowp«BS. 



